The goal of the study is to develop a model that focuses on managing logistics costs at all stages of a product's life cycle. The model includes several different cost components and provides a wider coverage of individual processes, as logistics costs are present in different areas of a company's operations. The applicability of the proposed method was tested in a multinational company that manufactures furniture fittings on a randomly selected product. The test results provide a theoretical and practical confirmation of the necessity to manage the logistics costs for an individual product, since other models are focused exclusively on the cost optimisation of individual logistics processes. The model therefore complements the existing knowledge and represents a practical tool for logistics professionals that enables more efficient logistics costs planning at an early stage in the development of a product, which can result in the long-term reduction in the total costs of logistics and improve the quality of business processes.
Introduction
Logistics costs have certain specific characteristics, as they can be incurred in different business functions within a company, such as sales, purchasing, manufacturing and logistics. How well these costs are managed depends especially on the knowledge of logistics processes and the level of coordination between the business functions involved in the company's supply chain (McCarthy-Byrne, Mentzer 2011; Santa et al. 2011) . It starts with the calculation of all the costs that are involved in the life cycle of a product, since various departments within the company are indirectly involved in this process. At this stage of cost planning, we must define the way of distribution, the quantity of stocks, the type of packaging, the purchasing of goods and the internal business processes that support the development and production of the product. Since logistics costs are the result of activities that support the company's logistic process (Kiisler 2008) , it is crucial to identify individual logistics costs for the entire life cycle of the product at a very early stage. This is where the core problem arises, because individual functional departments lack sufficient logistical knowledge in certain situations. Other problems may emerge, due to insufficient information (Zanjirani Farahani et al. 2009 ) and poor coordination between business functions when defining future logistics costs . All of this can potentially lead to wrong decisions being made, which can significantly affect the level of costs incurred by the company and the quality of supply for the customer.
Over the last thirty years, various cost models have been developed to support the optimisation of logistics activities, which represent the main focus of research and a key practical tool for logistics management. In particular, mathematical cost models have become the basis for optimisation programs that were later developed by companies. However, Rybakov (2018) argues that attempts of practical implementation of optimisation models in logistics systems of companies do not always result in the achievement of specified goals. There is a clear discrepancy between the actual results and specified goals of optimisation programs based on mathematical models.
A detailed scientific literature analysis shows that there are opportunities for improvements in the use of cost models. The extent to which each individual model can be optimised depends on how many different logistics costs are covered by the model. Most models only focus on cost generating activities that are connected to transport, warehousing or stock maintenance costs. Other cost components of the logistics system are not taken into account, which prevents a more comprehensive management of logistics activities that could lead to individual improvements at the company level.
The most recent research is also limited as the proposed models focus exclusively on the cost optimisation of individual logistics processes within distribution, production, or purchasing. The optimisation of logistics costs for each product has been overlooked and has not been studied in detail. By defining logistics costs at an early stage in product development, the future logistics processes that are required for the procurement of input raw materials and for the production and distribution of the product are also identified.
Therefore, the goal of the study is to build on the foundations laid by previous studies with the development of a logistics cost model that can be used as an important decision-making tool at an early stage of logistics cost management for an individual product. The objective of the development of the model is to provide a wider coverage of individual logistics processes, as logistics costs are present in different business areas. The logistics costs management process can involve employees from different business functions (sales, purchasing, logistics, production, etc.) and from different hierarchical levels (management, middle management, operational associates). This ensures vertical and horizontal integration of business functions via a single decision-making tool. It also helps improve the quality of information pertaining to the logistics costs for a particular product and to the logistics processes as support functions for the company's business system. The model enables even those employees who lack the necessary knowledge of logistics, but whose decisions nevertheless influence the level of logistics costs and customer service, to gain some insight into the process of logistics costs management.
The applicability of the proposed model has been tested in a multinational company that manufactures furniture fittings and faces tough competition on a global level. Testing was performed on a product selected at random and encompassed its entire life cycle. A comparison between the current situation and the model testing results identified important suggestions for improvements to logistics costs management in the analysed company. The model complements existing knowledge in the field of logistics costs management and is characterised by a high degree of practicality and usability. It will help build more efficient logistics processes in the early stages of product development, which will reduce the overall costs of logistics in the long run and improve the quality of business processes.
Literature review
The first studies published about cost optimisation in logistics were conducted due to the need for transport cost rationalisation in the automotive industry in the United States (Blumenfeld et al. , 1987 Burns et al. 1985) .
The main purpose of model development was to optimise the delivery of goods between different production plants. Logistics cost management has advanced since then, as various studies (Speranza, Ukovich 1994; Bertazzi et al. 1997; Bertazzi, Speranza 1999) began to address the interconnectedness of transport costs and the cost of stocks, as well as the cost of finding the optimal solutions for delivering products from one source to several different destinations.
The studies that followed focused on the optimisation of different logistics costs within individual distribution, internal logistics and purchasing processes. Ghodsypour and O'Brien (2001) have developed a mixed integer nonlinear programming model to solve purchasing and supplier selection problems. The model takes into account the total costs of logistics, including net price, warehousing, transport and ordering costs. Zhao et al. (2004) focused on the internal process by upgrading the traditional economic order quantity model in order to reduce production, stocks and transport costs. By doing so, they essentially optimised the number of orders that are required for production planning at both levels (supplier and buyer). Berman and Wang (2006) focused on the distribution process by building a model that represents a good solution for the future planning and implementation of an efficient distribution network with the lowest total costs of transport and inventories. Chow (2007) also focused on improvements in the area of distribution by developing a model that uses various simulations to show how improvements during transit and more reliable transport can reduce total logistics costs, which also contributes to lower stocks costs. Kutanoglu and Lohiya (2008) present an optimisation-based model to gain insights into the integrated inventory and transportation problem for a single-echelon, multi-facility service parts logistics system with time-based service level constraints. The optimisations objective of the model is to minimise stocks and transport costs while ensuring that service delivery limitations are complied with. Wang and Cheng (2009) built a logistics scheduling model that successfully proved that if the tasks performed at the level of the supplier, the producer and the buyer have identical processing times, the costs of stocks and transport can be optimised at all levels. The model manages the internal logistics of a company. Madadi et al. (2010) also upgraded the traditional economic order quantity model with the purpose of reducing the costs of maintaining stocks and by taking into account transport costs. A similar study was conducted by Strack and Pochet (2010) , who developed a model that combines several stages of the logistic decision-making process, which enable the reduction of warehousing and stocks costs by optimising the quantity of each product in the warehouse. Sajadieh et al. (2010) developed a model that highlighted the importance of coordination and cooperation on the axis between seller and buyer in a two-stage supply chain. This kind of relationship results in the most significant reduction in stocks and warehousing costs. Miranda and Garrido (2009) developed a model that deals with the optimisation of stock levels in a two-stage supply chain. The model addresses ordering, warehousing and stocks costs. The aim of the model is to define the optimal ratio between the total operating costs of the system and the optimal stock levels. Lau and Nakandala (2012) focused on internal logistics and developed a mathematical model that supports a series of logistical tasks in the process of managing stock maintenance costs. In this case, taking into account the uncertainty of demand, all the costs incurred by wholesalers in the process of purchasing and maintaining stocks are entered into the model. Tancrez et al. (2012) developed a strategically structured model that integrates decisions regarding the choice of location for the distribution centres, the allocation of the flows in the network, and the size of individual shipments. The subject of the study are warehousing and stocks costs. Ali and O'Connor (2013) designed a model with the purpose of achieving effective operational planning in the distribution system. The model determines the optimum truck schedule and enables a systematic classification of stocks over a long period of time, which in turn reduces transport and stocks costs. Kim et al. (2015) developed a multi-stage stochastic programming model to optimise the inventory control policy of perishable products and take into account delivery and warehousing costs. Becker et al. (2016) developed a method for analysing the potential of distribution logistics in terms of logistics costs, delivery time and delivery reliability. Perera et al. (2018) studied a single-stage, continuous-time inventory model where unit-sized demands arrive according to a renewal process and show that an (s, S) policy is optimal under minimal assumptions on the ordering/procurement and holding/backorder cost functions. Rybakov (2017) developed a mathematical model for the optimisation of total costs in the logistics systems of the wholesale trading company. To achieve this objective, the structure of the logistics systems was identified and the most substantial cost elements in the logistics subsystems were defined. Petraška et al. (2017 Petraška et al. ( , 2018 proposed a methodology, which would allow to deliver heavy or oversized freight to the destination, allocating the least possible amount of funds for infrastructure improvements, choosing the most appropriate mode of transport for this type of freight transportation or using the advantages of multimodal (combined) transport. Ji et al. (2018) studied the logistics scheduling problem in the context of a three-stage supply chain where the objective is to minimise the sum of the total weighted inventory cost and transport cost. They analysed the problem using a batching and scheduling model involving both batch supply and batch delivery. shows that most current models are aimed at optimising the costs of transport, warehousing or maintaining stocks. This means that the other individual cost components of the logistics system, the optimisation of which could bring logistical improvements at the company level, are not considered. The most recent research is also limited in that the proposed models focus exclusively on the cost optimisation of individual logistics processes within distribution, production, or purchasing. The optimisation of logistics costs for each individual product has been overlooked and has not been studied in detail. By defining logistics costs in the product development phase or in the product positioning phase, all future logistics processes that are required in the purchasing of input raw materials, production and distribution of the product are also defined. The proposed model represents an upgrade of the existing optimisation models, considering the following three aspects: (1) it focuses on treating logistics costs for a product at an early stage in its development; (2) it takes into account several different logistics cost components;
(3) it provides a wider coverage of individual logistics processes, since logistics costs are present in different areas of the business. Additionally, the model fixes the main problems found in the previous study (Škerlič et al. 2016) , which focused on the aspect of managing the logistics costs for an individual product, without connecting individual logistics processes.
Model formulation and data entry
The applicability of the proposed model has been tested in a multinational company that manufactures furniture fittings and supplies its products to more than seventy countries. The group consists of companies from Europe, America, Asia and Australia. Testing was performed on a product selected at random and encompassed its entire life cycle. The data needed to test the model were entered by different departments (sales, purchasing and logistics). Figure 1 illustrates the procedure of data entry into the cost model, which is the basis for the calculation of the total logistics costs of the product. The meaning of the individual abbreviations for the formulas is provided, as well as the numerical data entered by the departments within the company. Data entry begins with providing basic information on the product and continues with entering data on individual supporting logistics processes: packaging, distribution warehousing, delivery to customers, capital in stocks, purchasing warehousing and delivery from suppliers. The order in which individual logistics costs are addressed is the reverse of the logistics flow of purchasing. It is adapted to customer needs, which are transferred down the supply chain to the final suppliers. The general cost (Total Logistics Costs -TLC) model is composed as follows:
where: i is the logistics cost component; n is the number of individual logistics cost components; C i is the cost per the selected individual logistics cost component (the model consists of six logistics cost components, where: C 1 -packaging cost; C 2 -distribution warehousing costs; C 3 -delivery transport costs; C 4 -capital costs in stocks; C 5 -purchasing warehousing costs; C 6 -purchasing transport costs). 
Individual logistics costs are calculated using the For-
and PTC is C 6 . Some logistics costs are presented in terms of functional dependency, namely Packaging Cost (PC) with Returnable packaging (R) and Delivery Transport Costs (DTC) with Delivery with Other Products (DOP) and Returnable packaging (R).
For an easier understanding of the model in practice, abbreviations are used to convey the meaning of each individual variable or formula (Table 2 ).
Model application
Model testing was performed, based on the data entered in Figure 1 .
Packaging costs -PC(R)
The model offers the option to calculate two different cost aspects of packaging use. If the user of the model marks Returnable packaging (R) with NO, the Non-Returnable Packaging per piece Cost (NRPC) is calculated. If Returnable packaging (R) is marked with YES, the Returnable Packaging Cost (RPC) per piece is calculated. As the Pack- 
The calculation continues with the definition of the required number of Packaging Units (PU) for the execution of the order, where the Average Quantity for Order (AQO) is divided by the Number of Pieces (NP) in the packaging unit, where ceil (x) is a function that rounds to the smallest integer not less than x:
To determine the using Non-Returnable Packaging Cost (NRPC), the resulting number is multiplied by the Packaging Cost per Pallet (PCP) and then divided by the Average Quantity for Order (AQO):
The results of the calculation are: AQO = 30000 pcs; PU = 4 units; NRPC = €0.00243/pcs. The Non-Returnable Packaging Cost (NRPC) per pieces is €0.00243/pcs. If the company decides to use returnable packaging, the calculation option is given below. The basis for the calculation is the sum of monthly Number of Shipments (NS) of goods to the customer, which is then used for the calculation of the number of Returnable Packaging (RP) in circulation. This calculation must include the company's Packaging Stock (PS) :
ceil AQO NS RP PS NP
Once the number of Returnable Packaging (RP) in circulation has been determined, the total Value of Returnable Packaging (VRP) is calculated, therefore the value of the individual Returnable Packaging Value (RPV) must be taken into account:
For the final calculation of the Returnable Packaging Cost (RPC) per piece, the total Value of Returnable Packaging (VRP) is divided by the number of all the Pieces in the Product Life Cycle (PPLC):
The results of the calculation are: NS = 1; RP = 14 pallet; VRP = €2800.00; RPC = €0.00155/pcs. The Returnable Packaging Cost (RPC) per pieces is €0.00155/pcs. The company uses Non-Returnable Packaging Cost (NRPC) per pieces is €0.00243/pcs. 
Distribution warehousing costs -DWC
The Average Equipment Value (AEV) is divided by the Amortisation Period (AP) and the number of Monthly Working Hours (MWH). The Average Equipment Rent (AER) value is divided by the number of Monthly Working Hours (MWH). With the sum of both results, the value of the Warehouse Equipment Costs (WEC) per hour is obtained:
When calculating the Warehouse Equipment Costs per Piece (WECP), the following values are taken into account: the number of required Packaging Units (PU) for order, which is calculated using Formula (5), is divided by the Average Processed Packaging per Hour (APPH). The Warehouse Equipment Costs (WEC) per hour are divided by the Average Quantity of products required for the Order (AQO). The two results obtained are multiplied by each other.
PU WEC
When calculating the Warehouse Staff Costs per Hour (WSCH), the Total Personal Incomes per Month (TPIM) and the number of Monthly Working Hours (MWH) are taken into account:
When calculating the Warehouse Staff Costs per Piece (WSCP), the following is taken into account: the number of required Packaging Units (PU) for order, which is calculated using Formula (5), is divided by the Average Processed Packaging per Hour (APPH). The Warehouse Staff Costs per Hour (WSCH) is divided by the Average Quantity of products required for the Order (AQO). The two results obtained are multiplied by each other.
PU WSCH
If the company uses a rented warehouse, the External Warehousing Cost (EWC) per piece is calculated. The External Warehousing Price (EWP) per piece is multiplied by the number of required Packaging Units (PU) for order, which is calculated using Formula (5) and divided by the Average Quantity of products required for the Order (AQO). 
EWP PU
The company uses exclusively rented warehouse equipment, therefore Average Equipment Rent (AER) value is calculated as €662.50. The calculation of the Warehouse Equipment Costs (WEC) per hour only takes into account the average value of rented warehouse equipment as well.
The results of the calculation are: WEC = €4.14/h; WECP = €0.000001/pcs; WSCH = €58.00/h; WSCP = €0.00016/pcs. Distribution Warehousing Costs (DWC) per piece are €0.00016/pcs.
Delivery transport costs -DTC(DOP, R)
The model offers the option to calculate three different cost aspects of the product's distribution. If the user of the model marks the Delivery with Other Products (DOP) with YES and Returnable packaging (R) with NO, the Optimal Transport Price per Piece (OTPP) is calculated. If, at the next selection, the Delivery with Other Products (DOP) is marked with NO and returnable packaging (R) is also marked with NO, the Transport Price per Piece (TPP) is calculated. If, at the last selection, the user marks the Delivery with Other Products (DOP) with YES and Returnable packaging (R) with YES, the Returnable Transport Price per Piece (RTPP) is calculated. For this reason, the Delivery Transport Costs (DTC) value is written in the form of the functions of two variables -DOP and R, as:
, .
OTPP DOP YES R NO DTC DOP R TTP DOP NO R NO RTTP DOP YES R YES
The company uses Transport Price per Piece (TPP), so only the Optimal Transport Price per Piece (OTPP) and Return Transport Price per Piece (RTPP) calculation model is shown below. Before the final calculation of the OTPP, the Weight of Each Order (WEO) must be entered. The calculation takes into account the Net Weight of the Product (NWP) and the Average Quantity for Order (AQO) of both the product and the Weight of Packaging (WP). The number of Packaging Units (PU) required for the order is calculated using Formula (5).
WEO NWP AQO WP PU
Calculating the Weight of Each Order (WEO) only makes sense, if the company delivers the product in question to the same destination as the other products DOP = YES, but R = NO. In this way, the calculation takes into account the optimal transport vehicle load and it is possible to obtain the Optimal Transport Price (OTP), based on the relative weight of the delivery. The Weight of Each Order (WEO) is multiplied by the One-Way transport Price (OWP) and then divided by Vehicle Capacity (VC). The result obtained is divided by the Average Quantity for Order (AQO).
OWP WEO OTP VC
If the delivery of the product is not combined with the delivery of other products DOP = NO and R = NO, the Transport Price per Piece (TPP) is calculated for this shipment only. As the company uses this delivery option, the following formula is used:
the Transport Price per Piece (TPP) is calculated as €0.01093/pcs.
If the delivery of the product is combined with the delivery of other products DOP = YES and the responsibility for receiving returnable packaging is indicated R = YES, the Returnable Transport Price per Piece (RTPP) is calculated. The calculation of the Return Transport Price (RTP) includes the total of all the prices of one-way transports and all the monthly return transports, which is then divided by the Number of monthly Shipments (NS). NS is calculated using Formula (7).
OWP MFO PRP MFR RTP NS
When calculating the Optimal Return Price (ORP), we must take into account the Weight of Each Order (WEO, Formula (2)) and the Return Transport Price (RTP) obtained, which is then divided by the transport Vehicle Capacity (VC). The resulting number is divided by the Average Quantity for Order (AQO, Formula (4)).
RTP WEO ORP VC
(26)
Capital costs in stocks -CCS
In order to calculate the Capital Costs in Stocks (CCS) per piece, we must first define the Value of the Delivery Lot (VDL), where the Average Quantity of products for the Order (AQO, Formula (4)) is multiplied by the Price of the Product (PP):
To calculate the Value of the Safety Stock (VSS), the Daily Need of Products (DNP) is multiplied by the Days of the Safety Stock (DSS) and the Product Price (PP):
In order to calculate the Capital Costs in Stocks (CCS) per piece, we must first define the annual IOnventory Availability (IA) in days, which includes the following formula (Kivinen, Lukka 2004) :
The Inventory Availability ( 
The results of the calculation are: VDL = €4172.1; VSS = €2056.84; IA = 30.41 days; CCSD = €6.7461; CCS = €0.00022/pcs.
Purchasing warehousing costs -PWC
The Purchasing Warehousing Costs (PWC) consist of the Warehouse Equipment Costs per Piece (WECP), the Warehouse Staff Costs per Piece (WSCP) and External Warehousing Costs (EWC) per piece and is calculated according to the following formula:
The costs refer to the operation of the warehouse at the receipt of goods all calculations are structured in the same way as when calculating distribution warehousing costs per piece (see Subsection 3.2.). We start by defining the Average Equipment Value (AEV) owned by the company using Formula (11) and the Average Equipment Rent (AER) value using Formula (12). Formula (13) is used to calculate the Warehouse Equipment Costs (WEC) per hour and Formula (14) is used to calculate the Warehouse Equipment Costs per Piece (WECP). To calculate the Warehouse Staff Costs per Piece (WSCP), Formula (15) is used first and then Formula (16). If the company uses a rented warehouse, the External Warehousing Costs (EWC) per piece are calculated using Formula (17). Since the company uses rented warehouse equipment, Average Equipment Rent (AER) value is calculated and amounts to €700.00. The calculation of the Warehouse Equipment Costs (WEC) per hour only takes into account the average value of rented warehouse equipment as well.
The results of the calculation are: WEC = €4.37/h; WECP = €0.000018/pcs; WSCH = €36.25/h; WSCP = €0.00015/pcs; PWC = €0.00016/pcs.
Purchasing transport costs -PTC
If the company organises the transport of goods from the suppliers to its production plant, the sum of the costs of picking up the goods from the individual suppliers is taken into account. Since the company that was the subject of the study does not organise its own transports, a calculation proposal is given:
Total logistics costs -TLC
The Total Logistics Costs (TLC) are calculated according to Formula (2) 
Sensitivity analysis
A sensitivity analysis was conducted, which showed a linear dependence of the final results with respect to the change in the value of individual input cost variables. An increase of 5, 10 and 15% of the transport service price showed a linear increase in delivery transport costs and total logistics costs. Other logistics costs components remained stable. The same effect was seen in the 5, 10 and 15% increase in packaging costs per palette on the total logistics costs. The analysis therefore focused on testing one of the most sensitive parameters in the logistics system of companies -the impact of increasing deliveries to the customers on the total logistics costs. This is also a very important parameter in theoretical studies (Ballou 2003; Stock, Lambert 2000; Shang 2004; Waller, Fawcett 2012; Juntunen et al. 2015) and it highlights two important aspects of logistics costs management: -an improvement in the quality of logistics services for customers results in higher total logistics costs; -reducing the costs of one logistic component causes an increase in the costs of another logistic component, which results in higher total logistics costs. The results of the sensitivity analysis shown in Figure 2 have also been confirmed in practice. The company currently supplies its customers 12 times a year. Any increase in the number of deliveries directly affects all individual logistics cost components.
As the number of shipments increases, distribution transport costs and total logistics costs are also increasing, while capital costs in stocks are decreasing. This fluc-tuation becomes apparent at the twentieth shipment. The costs of capital in stocks are still on the decrease, while packaging costs, distribution warehousing costs and purchasing warehousing costs, which had remained stable until that moment, show a slight increase. The total logistics costs show a non-linear increase, followed by a slight decrease at the 24 shipment.
Discussion
A comparison between the current state of logistics cost management and the model testing results are shown in Table 3 . The company that took part in the testing only measures distribution transport costs that amount to €0.01394/pcs, but based on data entered in the model, we were able to calculate all individual logistics cost components. The company's total logistics costs per product are €0.01093 (7.86% of the value of the product) and the test results showed a cost of €0.01394/pcs (10.02% of the value of the product). The share of each logistics cost component in the total logistics costs structure is as follows: packaging costs 17.5%, distribution warehousing costs 1.15%, delivery transport costs 78.4%, capital cost in stocks 1.8% and purchasing warehousing costs 1.15%. Final testing with the model resulted in a 27.53% increase in logistics costs, compared to the existing costs, which suggests a lack of coordination in the management of logistics costs within the company.
Despite the fact that distribution transport costs represent the largest portion of all logistics costs, a conclusion can be made that, unless all the other logistics cost components are calculated, effective management of logistics activities that could lead to individual improvements at the company level is not possible. For this purpose, a number of questions pertaining to logistics were formulated, which enable the users of the model to understand logistics costs management and simulate various decisionmaking scenarios: 1. Which packaging management approach would result in the lowest logistics costs?
The costs of non-returnable packaging are €0.00243/ pcs. The use of returnable packaging would result reduce this cost to €0.00155/pcs, which would lead to savings on total logistics costs. 2. Which method of delivery would result in the lowest logistics costs?
The company does not combine delivery with other products. This method of delivery does not result in the lowest logistics costs. A simulation is required: combining products with other products with returnable packaging (Return Transport Price per Pieces -RTPP) and combined delivery with other products (Optimal Transport Price per Pieces -OTPP). 3. How does the number of shipments affect distribution transport costs and total logistics costs?
The company supplies its customers 12 times a year. The cost per unit is €0.01093/pcs. Reducing the number of shipments would increase the cost of capital in stocks, but on the other hand, it would significantly reduce distribution transport costs and total logistics costs (see Sub-Section 3.8). This would result in a lower level of logistics customer service, which would potentially affect customer satisfaction. 4. Which departments in the company have the greatest impact on the level of logistics costs? The departments that have the greatest impact on the level of logistics costs are the ones that are directly involved in the distribution of the product. The impact of these departments on the level of logistics costs is 79.55%. 5. Which warehousing approach would result in the lowest logistics costs? Figure 2 . The impact of the number of shipments per year on logistics costs In purchasing, the payment period is 60 days and it has no significant impact on the cost of capital in stocks and on the total logistics costs. 9. How does the payment period in sales affect the cost of capital in stocks and the total logistics costs?
The payment period is 45 days and it has a positive effect on the cost of capital in stocks as it is shorter, compared to purchasing. If the payment deadline was 0 days, the cost of equity in stocks would be reduced from €0.00022 to 0.00010/pcs, which means that the company would actually be financed by the suppliers. 10. What is the impact of the interest rate on total logistics costs?
The company is currently carrying a loan at a 1.3% interest rate. The impact of the interest rate on the total logistics costs of the product is minimal.
Managerial and theoretical implications on logistics costs and processes
The model is intended as a practical solution to the potential problems that companies may experience when managing logistics costs. The main advantage of the proposed model is that it enables functional departments to work together in the early stages of product development, through a clear definition of distribution costs, inventory costs, packaging costs, warehousing costs and other logistics support processes. This enables the user to have more control over the costs of logistics throughout the entire life cycle of the product and provides a systemic tool for individual logistics improvements. This process can involve employees from different business functions (sales, purchasing, logistics, production, etc.) and from different hierarchical levels (management, middle management, operational associates). This ensures vertical and horizontal integration of business functions via a single decision-making tool. It also improves the quality of information pertaining to the logistics costs for a particular product and to the logistics processes as support functions. The model enables even those employees who lack the necessary knowledge of logistics, but whose decisions nevertheless influence the level of logistics costs and the quality of customer service, to gain some insight into the process of logistics costs management. An important aspect of the practicality and usability of the model is that it allows the users to create simulations of various decision-making scenarios, through a series of logistics-related questions. This helps the users of the model to understand the specifics of logistics costs management and thereby improve the logistics processes in the company. The results of testing the proposed model provide a theoretical justification for the need to manage the logistics costs for each particular product, as other models are focused exclusively on cost optimisation for individual logistics processes (for example, distribution, internal logistics and purchasing). The presented logistics cost approach therefore represents a novelty in the field that is the focus of this study. The model also represents an upgrade of the existing optimisation models by providing a better coverage of individual logistics processes, since it takes into account several different logistics cost components. This is especially important for a more unified management of logistics costs, as they are incurred in different business areas within the company.
Limitations and further research directions
A new method is proposed, which largely builds on the author's previous studies in the field of logistics costs management and requires additional testing in various industries. The first major limitation of the model stems from the nature of logistics costs management. Since these costs exist in different business areas, they can be difficult to identify. These include the costs of the information system and the administrative costs of the departments that deal with logistics. In addition, there are various fixed and variable costs associated with the use of equipment for the warehousing and transport of goods. It is therefore impossible to build a model capable of calculating all the costs of logistics that will arise during the life cycle of a product, at an early stage of the product's development.
The second limitation stems from the fact that input variables are often interdependent. An individual variable can be unrealistic, if it is based on historical data that may not remain the same in the future. This can result in inaccurate calculations of logistics costs and potentially in the wrong decisions being made. It is therefore advisable to periodically review individual key variables, in order to identify potential impacts on the total logistics costs of the product.
The testing was performed on one product only. It is therefore necessary to examine the possibilities of integrating the model into larger IT software solutions, for companies that produce several different products.
Conclusions
The presented study represents one of the first contributions that deal with the management of logistics costs throughout a product's life cycle. The applicability of the model was tested in a multinational furniture company, highlighting the following main advantages of the model: focusing on the logistics costs for the product at an early stage in its development, taking into account several different logistics cost components and providing a better coverage of individual logistics processes. The model is characterised by a high degree of practicality and usability, since a comparison between the current situation and the model testing results identified important suggestions for improvements to logistics costs management in the analysed company.
The model complements existing knowledge and represents a practical tool for logistics professionals that allows more efficient logistics costs planning at an early stage in the development of the product, which can result in the long-term reduction in the total costs of logistics and improve the quality of business processes. Since what is proposed is a new method for managing logistics costs, it would be advisable to conduct additional testing on different products and in different industries in the future. Particular attention should be given to the possibility of integrating the model into larger business information solutions.
